Commercial olive and soybean oils have been analyzed periodically in order to evaluate the influence of storage conditions on quality. The following parameters were determined every 10 days of storage: peroxide, saponification and acid values, absorption coefficients K 270 and K 232 , phenols, chlorophylls and carotenoids contents, DPPH scavenging ability, and total antioxidant activity. Edible oils were exposed to daylight and stored at room temperature in different containers with the same surface area of exposure to air either in clear glass or opaque glass bottles. Changes in oils properties were also examined after the addition of Vit-E as an antioxidant in oil samples. The results showed a gradual loss of quality during storage, especially in clear glass bottles. The addition of the antioxidant, however, significantly reduced the deterioration and oxidation rate in the oil. The best containers for commercial packing of oil were opaque glass bottles containing antioxidant products.
INTRODUCTION
Olive oil is a product that is widely produced and consumed throughout the ages in Mediterranean cuisine and is highly appreciated for its delicious taste and aroma, as well as for its nutritional properties. [1] The nutritional benefits are primarily related to the fatty acid composition, mainly due to the high content of oleic acid and also to the balanced ratio of saturated and polyunsaturated fatty acids. In addition, olive oil presents considerable amounts of natural antioxidants and is considered to be important in the prevention of many diseases. [2] [3] [4] [5] Soybean oil is utilized worldwide in the food industry due to its high antioxidant potential. The importance gained in inclusion of soy products in the diet is due to its speculated role as antioxidants to minimize the oxidative damage caused by reactive oxygen species. This is because of the fact that beyond oil and fats, soybean possesses neutraceutical components, such as isoflavones, tocopherols, and vitamin C, which quench reactive oxygen species by donating a hydrogen atom or an electron. [6] [7] [8] It also contains considerable levels of phenolic compounds that may prevent lipid oxidation in vegetable oils.
Vegetable oils, the ideal cooking media today, are beneficial and popular because of their cholesterol-lowering effect. Yet, some important issues regarding their judicious use are largely unknown to consumers and the medical community. Contrary to animal fats, which are predominantly saturated and hence do not react readily with other chemicals, especially oxygen, unsaturated vegetable oils are more reactive. [9] The exposure of oils to air, [10, 11] heat, [12, 13] light, [14] trace metals, [15] and moisture enhances their chemical reactivity. Oxidation is also influenced by antioxidants and the fatty acid composition of oils. [16, 17] Off-flavorings, nutritional losses, and other deteriorative changes in oil result from reaction with atmospheric oxygen (oxidative rancidity), or from hydrolytic reactions catalyzed by lipases from food or from microorganisms. The effects of hydrolytic reactions can be minimized by cold storage, good transportation, careful packaging, and sterilization. However, oxidative rancidity or auto-oxidation cannot be stopped by lowering the storage temperature since it is a chemical reaction with low activation energy. The auto-oxidation of oil can be inhibited or delayed by vacuum packaging, packing under an inert gas to exclude oxygen (modified atmosphere), and refrigeration/freezing. The use of antioxidants is the most preferable way to suppress oxidation, [14, [18] [19] [20] [21] since the methods cited above are not always easily applicable because of the high sensibility to initiate the oxidative process and the expensive process to remove traces of air from a food product.
This study aimed to determine the exact onset of oil deterioration under the conditions in which it is normally stored. Though it is well known that light is one of the main factors contributing to auto-oxidation, this study attempted to find this contribution of light factor, as well as the combined effects with antioxidants, so that a clear conclusion can be drawn about how an oil sample can be prevented from noticeable oxidation.
MATERIALS AND METHODS
Olive and soybean oils were purchased from the local market in 1-L packs. The oil samples were stored in accordance with the experimental conditions.
Physico-Chemical Analysis of Oil
Two hundred fifty milliliters of olive or soybean oils were put in clean, dry, opaque-colored or clear 500-ml glass. The oil samples in these bottles, with a surface area of 44 cm 2 exposed to air during 10, 20, 30, and 40 days, were kept closed in a chamber (22 ± 3
• C), which was exposed to daylight and air. Each sample, taken in triplicate (clear and opaque glass bottles of olive oil (OT), (OO) and added with Vit-E (OT-VitE), (OO-VitE), respectively; clear and opaque glass bottles of soybean oil (ST), (SO) and added with Vit-E (ST-VitE), (SO-VitE), respectively), was analyzed for physicochemical properties and antioxidant activities. Peroxide, saponification and acid values, chlorophyll, carotenoids, and total phenolic contents and the antioxidant activities of each oil were determined.
Index determination
AOCS official methods [22] were used to evaluate peroxide (PV) (Cd 8-53), saponification (SV) (Cd 3-25), and acidity (AV) (Cd 3d-63) values. Ester value EV was determined as the difference between saponification and acid value.
Chlorophyll and carotenoids compounds
According to the procedures described by Mosquera et al., [23] a sample of olive oil (7.5 g) was placed in a Falcon tube and filled up to 25 mL with cyclohexane. The chlorophyll and carotenoid fractions were measured in a UV spectrophotometer (Jenway UV-6305, Essex, England) at 670 and 470 nm, respectively. The pigments concentration was expressed using the following equations:
[Chlorophylls] mg/kg = A670.10 6 /613.100.density,
[Carotenoids] mg/kg = A470.10 6 /2000.100.density.
Total phenolic content
Phenolic extract content was estimated by the method of Taga et al. [24] An amount of 100 μl of each oil sample was mixed with 2.0 ml of Na 2 CO 3 (2%). After 2 min at room temperature for incubation, 100 μl of (50%) Folin-Ciocalteau's phenol reagent was added, then mixed thoroughly and kept in the dark for 30 min at room temperature. Absorbance was measured at 720 nm using a spectrophotometer (Jenway UV-6305, Essex, England). Phenolic contents were expressed as caffeic acid equivalent per kg (CAE/kg).
Specific extinction
k 232 and k 270 extinction coefficients were calculated from absorbances at 232 and 270 nm, respectively, with a UV spectrophotometer (Jenway UV-6305, Essex, England), using a 1% solution of oil in cyclohexane and a path length of 1 cm.
DPPH radical scavenging activity
The scavenging effects of crude methanol extract and fractions were determined by the method of Yen and Chen. [25] An amount of 2.0 ml of 0.16 mM DPPH solution was added to 2.0 ml of each oil sample. The mixture was vortexed for 1 min and kept in the dark at room temperature for 30 min. The absorbance of each sample was measured at 517 nm. The scavenging effect expressed as (%) was calculated using the formula given by Duan et al.: [26] Scavenging effect % = 1 − A sample − A sample blank /A control × 100, where A control is the absorbance of the control (DPPH solution without sample), A sample is the absorbance of the test sample (DPPH solution plus test sample), and A sample blank is the absorbance of the sample only (sample without DPPH solution).
Total antioxidant activity
It was determined according to the method of Prieto et al., [27] in which each sample (0.3 ml) was mixed with 3 ml reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate, v/v/v). The reaction mixture was incubated at 95
• C for 90 min. Absorbance was measured at 695 nm. Total antioxidant activity is expressed as the number of equivalents of ascorbic acid.
Analysis of Oil in the Presence of Antioxidant
An amount of 1.5 mg/ml of antioxidant (Vit-E) was added and mixed with the olive or soybean oils in each storage condition and further analysis was carried out as described in Section 2.
Statistical Methods
The data were analyzed using the statistical package program Stat View 5 software for Windows (SAS Institute, Berkley, CA, USA). Statistical analysis was performed with one-way ANOVA followed by student t-test. All data were expressed as means ±SD. The results were considered significant if p ≤ 0.05.
RESULTS AND DISCUSSION
The vegetable oils selected for the study were olive and soybean. The selection of these oils was made on the basis of their common use as cooking media and also because of the high relative reaction rates of their unsaturated fatty acids with oxygen. [28] In the Mediterranean region, the health properties of olive oil have been known for a long time. In fact, olive oil is the main fat source of the Mediterranean diet. Its consumption has also increased in non-Mediterranean areas because of the growing interest in the Mediterranean diet and the tendency of consumers to select least-processed foods.
Auto-oxidation in oil can neither be prevented by maintaining cool storage conditions nor by the exclusion of light. [29] The oil compounds that determine its susceptibility to oxidation are the fatty acids and antioxidants. The types of fatty acids present in oil, and in particular the number of double bonds, determine the type and extent of chemical reactions that occur during the storage period. Virgin olive oil provides a rich source of natural antioxidants. These include carotenoids, tocopherols, and phenolic compounds, which may act by different mechanisms to confer an effective defense system against free radicals attack. According to Aparicio et al., [30] their contribution to oil stability is estimated by 30% for phenolic compounds, 27% for fatty acids, 11% for α-tocopherol, and 6% for carotenoids.
PV, SV, and AV values increased in oils exposed to light more than in those protected in opaque glass in both olive and soybean (Figs. 1-3 ). Since auto-oxidation, which starts with the abstraction of hydrogen adjacent to a double bond in a fatty acid (RH), is catalyzed by light to form a free radical (R • ), PV and AV values in the oils in opaque colored glass were significantly lower than those in oils exposed to light. The lowest values yielded by olive oil compared to those of soybean are due to the fatty acid composition of the oils and, hence, their inherent stability. Antioxidants effectively reduced the oxidation rate in the oils, as objectified by the decrease in PV, AV, and SV values after the addition of Vit-E (Figs. 1-3) .
K 232 and K 270 indicate, respectively, trienes conjugation and the presence of carbonyl compounds. Figure 4 shows changes in K 232 and K 270 , the specific coefficients in olive and soybean oils. For both oils exposed to light, the specific coefficient values increased. After 40 days of storage in different conditions, the studied oils presented a significant increase in K 232 and K 270 coefficients, indicating an increased degradation process of oils.
The keeping ability of oil is a highly desirable attribute especially if the product is to be marketed in areas with warm climatic conditions.
[31] Figure 4 shows that storage oils with antioxidant in opaque glass can prevent oxidation. Indeed, oil samples exhibited a more significant low value of peroxide, K 232 and K 270 , than those of oils exposed to light for the same storage period. This result indicates the effectiveness of opaque glass and added Vit-E on the stability of oils.
As the amount of phenolic compounds is an important factor when evaluating the quality of oil because of their involvement in its resistance to oxidation and its sharp bitter taste, this trial also aimed to determine the changes in the phenolic fraction of oils after a storage period. The changes of the quantified phenolic compounds concentrations in fresh and stored oils are shown in Figs. 5 and 6. The total phenol content decreased during storage, which was more marked in oils exposed to light. This is a result of the decomposition processes that occur in the more complex forms and oxidation activities. The antioxidant activity of phenolic compounds has already been evaluated by many other studies and they have been shown to extend the shelf-life of olive oil, [32, 33] and high correlations have been found between them and the oxidative stability of oils. [34] Although the interest in phenolic compounds is related primarily to their antioxidant activities, they also show an important biological activity in vivo and may be beneficial in combating diseases related to excessive oxygen radical formation exceeding the antioxidant defense capacity of the human body.
Chlorophylls and carotenoid contents of oils are shown in Figs. 5 and 6. At the end of the storage period, all samples showed an important loss in chlorophyll content, while in samples taken from the opaque glass with antioxidant, chlorophyll content was improved compared with oil exposed to light despite the higher initial chlorophyll content in oils. Carotenoid content followed a trend similar to that of chlorophylls but the loss rate was lower. According to Van den Berg et al., [35] carotenoids, and particularly β-carotene, were the most efficient antioxidants owing to their ability to quench oxygen radical species and to act as light filters. The degradation of chlorophylls and carotenoid pigments present in oils during storage is very complex. The main difficulty in understanding the steps of these pigments' degradation is that they yield different end-products, some of which are colorless. The overlapping of these products with degradation products adds to this difficulty. [36] The oil pigments content, mainly the chlorophyll and carotenoids fractions concentration, decreased gradually during exposure to light (Figs. 5 and 6 ). These fractions decreased slightly in oils stored in opaque glass and in opaque glass with added Vit-E.
The antioxidant potency of oils was also evaluated. Among the various methods used to evaluate the total antioxidant activities of vegetables or other plants, the DPPH radical scavenging is the most common applied method. It has been used extensively as a free radical to evaluate reducing substances and as a useful reagent to investigate the free radical scavenging activities of compounds. In the present study, significant differences in DPPH radical scavenging activities were observed between tested oil. Both oils exposed to light presented low DPPH radical scavenging activities, but olive oil stored with Vit-E in opaque glass presented the more important DPPH radical scavenging activity than others, which is attributed to its hydrogen donating ability (Tables 1 and 2) . Total antioxidant activities were also significantly different between oils (Tables 1 and 2 ). Olive oil stored with Vit-E in opaque glass present the important activity. It indicates that oil stored in these conditions contain an effective antioxidant activity to prevent free radical damage and diseases and to ensure good human health.
CONCLUSION
Continuous exposure of oil to light enhances oxidative changes, which speed up in frying oil. The level of primary oxidation products (indicated by PV) may be enhanced in oils exposed to light. It is obvious from the values obtained in the case of the control samples exposed to light, that, although the oxidative changes in these samples are not too fast, the initiation of the reaction is possible even at a very low concentration of O 2 and a diffusion of light in a very short period of time. The addition of Vit-E, an antioxidant, is useful for the protection of oils. Glass acts as a barrier to oxygen, which cannot pass through it, avoiding the loss of certain components that deteriorate in its presence, but Each value is the mean of three determinations followed by standard deviation. Significant differences between the oils and OT oil: * p < 0.05; * * p < 0.01; * * * p < 0.001. a OT oil: clear glass bottles of olive oil; OT + Vit E oil: clear glass bottles of olive oil added with Vit-E; OO oil: opaque glass bottles of olive oil; OO + Vit E oil: opaque glass bottles of olive oil added with Vit-E.
it does allow the direct action of light on the olive oil, producing oxidative rancidity even earlier than in the opaque container, as a consequence of its sensibility to photo-oxidation. Although most of the oils are packaged commercially in glass bottles as an indicator of high quality, this container does not maintain throughout its commercial life, the sensorial and nutritive attributes for which the product is so much appreciated.
